The capybara (Hydrochoerus hydrochaeris) and nutria (Myocastor coypus) are herbivorous semi-aquatic rodents. Although these rodents occur in sympatry in southern South America, little is known about how the two species interact in relationship to food resources. In this context, the aim of this study was to analyze the food resource overlap, the feeding strategy and the diversity of the diet of capybaras and nutria. A micro-histological analysis of feces was used to study the diets. A total of 48 plant species belonging to 10 families were identified in the diet of H. hydrochaeris, and a total of 49 species belonging to 14 families were identified in the diet of M. coypus. According to the Amundsen graphical method, both rodents adopted a specialized strategy for feeding on Poaceae and a generalized strategy for other families. The results of a multivariate analysis of the dietary data showed significant differences between the two rodent species and among the seasons. These differences between diets may be related to the different proportions of each food item eaten. However, the dietary overlap between the two rodents in the Taim wetland was high, suggesting that partitioning of other resources ensured the coexistence of the species.
INTRODUCTION
According to optimal foraging theory, decisions by feeding herbivores are based on the need to maximize the forager's energy balance (Townsend et al. 2006) . However, the energy quality of the diet is extremely variable, as herbivores tend to select plants with specific nutrients or even to avoid various toxins (Dumont 1997) . The acquisition of food is an important aspect of the behavior of individuals (Krebs and Davies 1987) . In particular, herbivores dedicate a large part of their time to foraging, and this activity can be influenced by other factors, such as competition. According to Quintana (2002) , the proximity of predators and specific physical and physiological characteristics of the plant species consumed tend to influence the pattern of food competition. In fact, the use of food resources by a community assists in the understanding of intra-and interspecific trophic interactions, which provide information relevant to understanding the feeding ecology, conservation and management of species (Quintana et al. 1998) . The maintenance of the diversity of coexisting species is often interpreted as the result of niche differentiation. Most of the arguments that invoke resource partitioning to explain the diversity of species assume that the environment is heterogeneous, favoring the coexistence of different competitors (Bazzaz and Catovsky 2001) .
The coexistence of species in a region may result in niche overlap on a spatiotemporal scale. Niche overlap becomes possible because species have different needs as consumers of food resources and are specialized for success in harvesting different sets of resources in certain geographical areas (Pianka 1974 , Schoener 1974 , Bazzaz and Catovsky 2001 . The term "resource partitioning" may be defined as the differential use of resources by different organisms, such as food and space (Schoener 1974 , Begon et al. 1990 ). This concept attempts to explain how species coexist despite broadly overlapping ecological requirements (May and MacArthur 1972) .
The capybara Hydrochoerus hydrochaeris (Linnaeus 1766) and nutria Myocastor coypus (Molina 1978) are large semi-aquatic rodents. The capybara ranges from Panama to Uruguay, with its distribution extending to northwestern Argentina (Emmons 1990) , while the nutria is native to southern South America (Borgnia et al. 2000) . Both species coexist in the southern subtropical region in diverse habitats, such as swamps, lagoons, and estuaries (Achaval et al. 2004) , even in humaninfluenced areas with high human interference. The capybara feeds on grasses, sedges and aquatic plants having a high protein content (Ojasti 1973, Escobar and González-Jiménez 1976) . The nutria feeds on herbaceous roots and aquatic plants (Abbas 1991 , Borgnia et al. 2000 , Prigioni et al. 2005 . This information suggests that both species have similar diets, resulting in competition or even dietary overlap. However, it is necessary to define the diets of the species under study before evaluating competition or dietary overlap. Three methods of dietary assessment are used in studies of the feeding ecology of herbivorous mammals: direct observation of animals in the field (Barreto and Herrera 1998 , Forero-Montaña et al. 2003 , Prigioni et al. 2005 , analysis of stomach contents (Gayot et al. 2004 ) and analysis of fecal samples (Abbas 1991). Quintana and Rabinovich (1993) have suggested that the collection of feces is the most practical way to achieve rapid, simple and economical dietary sampling. In addition, this approach provides an unlimited number of samples and eventually allows the comparison of the diet of two or more animals inhabiting a given area at the same time (Quintana et al. 1994) .
Morphological similarities tend to increase competition among species. By hypothesis, it is expected that coexisting species of rodents will explore the available spectrum of food resources. Several studies on the feeding habits of the capybara and nutria in their natural habitat have been conducted (Ojasti 1973 , Escobar and González-Jiménez 1976 , Quintana et al. 1994 , Borgnia et al. 2000 , Quintana 2002 , Guichón et al. 2003a , Borges and Colares 2007 , Aldana-Domínguez et al. 2007 , Colares et al. 2010 , Desbiez et al. 2011 . However, no previous integrative study has investigated the diet of these two species in the Taim wetland, located in subtropical southern Brazil.
Within this context and based on the feeding habits of the capybara and nutria, this paper aims to answer the following questions: Are the frequencies of consumption of food items by the two species of rodents similar? Are the feeding strategies of the two species similar? Are there differences in dietary diversity between the two species? Does temporal dietary overlap occur between the species? The answers to these questions will provide information about aspects of the distribution of the food resources of these rodents in this important wetland area in southern Brazil. Smith et al. (2006) . Plants were collected to determine the diversity of plant species available to the capybara and the nutria.
The collected fecal samples were stored in 50 ml Falcon tubes containing a solution of 85% ethanol, 10% formol at 10% and 5% acetic acid (FAA). For each fecal sample stored in FAA, three 
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FÁBIO P. ESPINELLI, FABIANO CORRÊA, ELTON P. COLARES and IONI G. COLARES subsamples were diluted in distilled water, and all three subsamples were mounted on microscope slides. All samples had previously been cleared with 10% sodium hypochlorite (Santos et al. 2010 ). The plant species were identified to the lowest possible taxonomic level based on anatomical characteristics such as the size, the shape and type of stomata, and the types and sizes of trichomes and the presence of solid inclusions (Santos et al. 2010) . Food items found in the fecal content of individuals were identified based on an examination of the entire surface of the microscopic slides with an optical microscope at 20X magnification. The species present were identified using the plant epidermis reference collection at the Institute of Biological Sciences (ICB), Federal University of Rio Grande -FURG and with the aid of a specialized bibliography (Santos et al. 2010) . For each food item found, the following parameters were measured: a) the frequency of occurrence (FO%), which corresponds to the percentage of the total number of samples in which a food item is found, and b) the numerical abundance (N%), which corresponds to the percentage of numerical abundance of fragments of a given food item for all items present (Abbas 1991). The FO% and N% data were combined in an alimentary index (IAi) modified from Kawakami and Vazzoler (1980) : For each species of rodent, the feeding strategy was calculated with the graphical method of Amundsen et al. (1996) , for which food items were grouped by families, according to the formula Pi =% (ΣSi / ΣSti) x 100, where Si = number of samples containing only items belonging to family i and Sti = total number of samples in which items belonging to family i occur. Patterns of dietary overlap of species were calculated using the index of Pianka (1974) , with values ranging from zero (no dietary overlap) to 1 (total dietary overlap) and obtained from the formula where O 12 = measure of dietary overlap between species 1 and 2, P i2 and P i1 represent the proportional abundance of the plant species used by species 1 and 2, and n is the total number of items. Based on the value of dietary overlap, a null model was applied to assess the statistical significance of the dietary overlap between the capybara and the nutria (Winemiller and Pianka 1990) . To estimate the dietary overlap of the patterns of use of the food items, the RA3 randomization algorithm was used. For this model, the values of IAi for the food items were randomized 5000 times, and the statistical significance was determined based on a comparison with the mean dietary overlap and the null distribution, with a significance value of p <0.05 (Winemiller and Pianka 1990). Ecosim 7.2 software (Gotelli and Entsminger 2011) was used for the calculation of the null model. The Shannon diversity index (H') was used to determine the diversity of the number of species in the diet of both rodents.
A PERMANOVA permutation analysis was applied to evaluate the statistical significance of differences between species and among seasons. For the PERMANOVA test, the null hypothesis was that there was no significant difference between species. The hypothesis was rejected at a level of significance of p <0.05 (Clarke and Gorley 2006 ). An input matrix of the square-roottransformed values of abundance of the food items using the Bray-Curtis index was analyzed for this purpose. The level of significance was analyzed using 10,000 permutations of the groups. Food items with an abundance of less than five fragments for both species were excluded from this analysis. To evaluate which food item made the highest contribution to the differentiation between the species, an analysis of the percentage of minimum similarity (SIMPER) was applied.
RESULTS
A total of 142 plant species belonging to 36 families and 99 genera were identified in the environment. A total of 220 samples of feces were collected, 120 from capybara and 100 from nutria, of which 10 samples were analyzed randomly per station for each species. The Shannon dietary diversity (H') differed significantly between the two species (p = 0.04). The microhistological examination of the feces showed that the consumption of aquatic plants (H. hydrochaeris 54%, M. myocastor 60%) was greater than the consumption of terrestrial plants (p = 0.05).
A total of 17,301 fragments of plant epidermis were identified in the diet of H. hydrochaeris. These fragments represented 48 plant species belonging to 10 families. Among the identified plants, there was a predominance of species of the family Poaceae (IAi = 81.9%), followed by Cyperaceae (IAi = 17.1%). The main food items consumed by H. hydrochaeris were Eleocharis bonariensis (IAi = 15.8%), with a high frequency of occurrence (FO = 80.0%), and Paspalum distichum (IAi = 10.8%), also with a high frequency of occurrence (FO = 80.0%). The IAi values for the remaining food items ranged from 10.6% to 3.7% (Table SISupplementary Material).
For M. coypus, 16,311 fragments of plant epidermis were identified, representing 49 plant species belonging to 14 families. The microhistological analysis of the feces showed that the diet consisted primarily of Poaceae (IAI = 88.5%) and Cyperaceae (IAi = 9.17%). The principal food items consumed by M. coypus were Echinochloa polystachya (IAi = 18.8%), with a high frequency of occurrence (FO = 87.5%), and Paspalum vaginatum (IAi = 17.7%), also with a high frequency of occurrence (FO = 85.00%). The IAi values for the remaining food items ranged from 13.84% to 3.69% (Table SI) . When the food items were grouped into families, the Poaceae were dominant, with 25 species in the diet of both rodents, followed by the Cyperaceae, with 10 species in the diet of H. hydrochaeris and six species in the diet of M. coypus. The graphical method of Amundsen showed that the rodents were dietary specialists on Poaceae and dietary generalists on other families (Fig. 2) . Poaceae was the dominant family in terms of food items for H. hydrochaeris and M. coypus, with an abundance of specific prey (AEP) of 81.1% and 84.8%, respectively. The dietary overlap between H. hydrochaeris and M. coypus was O 12 = 0.72 (p = 0.001), primarily due to the consumption of Eleocharis bonariensis and Paspalum distichum.
The food items consumed by the two rodents differed significantly among the seasons. The PERMANOVA indicated a difference in diet between species (F = 3.53, p = 0.02) and among stations (pseudo-F = 6.91, p = 0.0001), but there was no interaction (pseudo-F = 0.91, p = 0.5). The SIMPER analysis showed a 72.16% dissimilarity between species, with the largest contribution from E. bonariensis (6.54%), followed by L. peruviana (5.97%) and E. polystachya (5.25%). The food diversity did not differ significantly among seasons for the rodent species. However, H. hydrochaeris showed a significant difference between spring and summer (p = 0.01) ( Table SII) .
The greatest food diversity observed in the diet of both rodents was in the summer, whereas the lowest diversity was observed during the spring and fall. In the diet of H. hydrochaeris, E. bonariensis (Cyperaceae) was dominant in winter and autumn (IAi = 21.5% and 21.2%, respectively). For M. coypus, E. polystachya (Poaceae) was dominant in spring and summer (IAi = 27.5% and 23.8%, respectively) (Table SII) . According to the null FÁBIO P. ESPINELLI, FABIANO CORRÊA, ELTON P. COLARES and IONI G. COLARES model, winter was the season of the greatest dietary overlap (86.4%) between the two rodents, whereas the lowest dietary overlap was observed in the fall (51.7%) (Fig. 3) . An analysis of the diet of the two rodents for each family of plants in different seasons showed that Poaceae and Cyperaceae had the highest food abundance and importance. Poaceae had a greater food importance in the diet of H. hydrochaeris during summer (IAi = 96.4%) and a greater food importance in the diet of M. coypus during autumn (IAi = 96.1%), whereas the food importance of Cyperaceae was lower for both species (Table SII) .
DISCUSSION
The coexistence of species in a given region may result in the spatiotemporal partitioning of food resources as a result of the overlapping ecological and behavioral needs of each species (May and MacArthur 1972). Although it is related to the semi-aquatic habit of these animals, the higher frequency of occurrence of the identified aquatic plants in the diet of H. hydrochaeris and M. coypus, in the Taim wetland can characterize an overlap in the use of food resources for each species. Furthermore, the occurrence of foraging behavior near bodies of water reinforces the hypothesis that behavior serves as a mechanism to reduce the risk of predation and to maintain body temperature (Guichón et al. 2003b ). Both species showed the same pattern of habitat occupancy and food choice.
Similar results have been obtained by other studies
showing that the aquatic vegetation observed in the diet of the two rodents was associated with the semi-aquatic habits of these animals (Desbiez et al. 2011 , Galende et al. 2013 .
Herbivores generally select a diet according to the environmental characteristics and peculiarities of each region (Prigioni et al. 2005) . The analysis of the diet of H. hydrochaeris and M. coypus in the Taim wetland showed no numerical variation in the number of ingested species. However, both diets had a higher level of species diversity than that found by previous studies in southern Brazil (Borges and Colares 2007, Colares et al. 2010) . Despite the wide range of food items available to the two species of rodents, only a portion of the available items was consumed by both species. Both availability and diversity of food resources may have been a major factor in this difference because the samples from our study area cover different environments in the Taim wetland, representing a greater diversity in the food supply.
The dietary similarity between the two rodents is evident from the consumption of Poaceae, especially Paspalum distichum and Echinochloa polystachya, which occurred at high frequencies in the diets of H. hydrochaeris and M. coypus, respectively. The importance of Poaceae in the diet of the two rodents is reinforced by the analysis of the feeding strategies of the species. The Amundsen graph shows a clear trend toward specialization for the consumption of Poaceae. Consistent with the results of the present study, previous research has also highlighted the importance of Poaceae in the diet of both H. hydrochaeris (Quintana 2002 , Forero-Montaña et al. 2003 , Borges and Colares 2007 , Desbiez et al. 2011 ) and M. coypus (Borgnia et al. 2000 , Colares et al. 2010 .
Although the consumption of plant species belonging to the Poaceae was similar between the two rodent species, the species of the highest importance in the diet differed between the two rodents. The importance value of Leersia hexandra, Cynodon dactylon, Andropogon selloanus, and Luziola peruviana was high in the diet of H. hydrochaeris, whereas Eleocharis bonariensis, Cynodon dactylon, Paspalum vaginatum and species of the genus Echinochloa were the items with a high importance value in the diet of M. coypus. Specifically, only Cynodon dactylon showed a high importance value in the diet of both rodents. All these species have previously been reported as components of the diet of the two rodents in other areas of their natural distribution (Ojasti 1973 , Escobar and González-Jiménez 1976 , Quintana et al. 1998 , Quintana 2002 , Guichón et al. 2003a , Aldana-Domínguez et al. 2007 , Desbiez et al. 2011 .
Other items with a lower importance value, i.e., Alternanthera philoxeroides and Setaria geniculata in the diet of M. coypus and Alternanthera philoxeroides and Eichhornia crassipes in the diet of H. hydrochaeris, also indicate dietary overlap between the two rodents. These similarities between the food items and diets are most likely related to the abundance of these broadly distributed species and the dietary predation for these items by the two rodents.
In general, herbivorous mammals tend to select diets that are high in nutrients and relatively low in toxins, given the plants available for consumption (Provenza and Balph 1990) . According to Corriale et al. (2011) , the capybara selects food items according to their nutritional characteristics, and the energy content would be the variable that determines the preference of capybaras and the plants that are consumed in a proportion greater than their availability. Borgnia et al. (2000) attribute the selectivity of M. coypus to the presence or absence of secondary metabolites that can reduce the nutritional value of the ingested species. Most likely, the dietary selectivity of both rodents (Escobar and González-Jiménez 1976 , Quintana et al. 1998 , Quintana 2002 , Guichón et al. 2003a , Borges and Colares 2007 , Galende et al. 2013 , the relative palatability of the plants available for foraging, and the strong relationship between energy content and fiber (Molano 1994 , Colares et al. 2010 ) explain a number of the similarities observed between the diets of the two rodents. Another characteristic to note is the similarity of the morphology of the oral apparatus, e.g., the incisor teeth of both rodents, which can directly shape the similarity between species in the use of food resources (Croft and Niemi 2011) .
Several of the statistically significant differences between the two diets can be explained by the distribution of vegetation along the gradient between the water body and drier locations or the foraging habits of each rodent. According to Aldana-Domínguez et al. (2007) , capybaras require a dry resting place and different habitats to supply their needs. In contrast, nutria use terrestrial environments less frequently and tend to foraging for longer periods in the proximity of water bodies (D'Adamo et al. 2000 , Borgnia et al. 2000 . Thus, A. selloanus, a food item that was common in the diet of capybara (FO = 67.50%), showed a much lower frequency (FO = 30%) in the diet of nutria. This plant is a terrestrial species that occurs in sandy soils with a lower moisture content (Boldrini et al. 2008) . These characteristics may limit the use of A. selloanus by nutria.
These differences between diets may also be related to the spatial distribution of individuals over the longitudinal gradient. Capybara feces were found throughout the study area, but nutria feces were found only in the last 3 km of the transect. As noted by Colares et al. (2010) , it is probable that the availability of vegetation and, accordingly, the diets of the two rodent species can vary in different types of habitat. Note that the dietary selectivity of an animal varies with the environmental characteristics and peculiarities of each region that affect the availability of vegetation (Prigioni et al. 2005) .
According to Colares et al. (2010) and Borges and Colares (2007) , the diets of the two rodents change depending on the availability of food resources. Although the diets of the two rodents show a predominant use of Poaceae, other plant families were also identified in the diet, with lower levels of importance, representing a more generalized feeding strategy on the plant families that are consumed in smaller amounts. This specialization of the two rodents on Poaceae is due to the nutritional quality and availability in the environment of this family of plants (Forero-Montaña et al. 2003 , Colares et al. 2010 and is in accordance with the principles of optimal foraging theory, which predict that the selected food items should have a high energy content (Chaves and Alves 2010) .
Changes in the consumption of food items among seasons were observed for both H. hydrochaeris and M. coypus in the Taim wetland. An observed increase in the consumption of Cyperaceae was related to the increased consumption of items in the genus Eleocharis during the winter by the two rodents. Winter in the swamps of the Taim region is characterized by lower temperatures and higher rainfall (Borges and Colares 2007) . Under these conditions, the availability of food items tends to decrease (Colares et al. 2010) , and the rodents must consume the available items. Previous studies have also underscored the importance of the genus Eleocharis in the diet of capybaras during the rainy season in Venezuela (Herrera and Macdonald 1989) . Food preferences by nutria have also been observed throughout the winter and spring in Argentina (Borgnia et al. 2000) .
During the summer, both rodents showed a greater diversity of items consumed. As warmer seasons favor the growth of plants, food consumption increases during these seasons. Poaceae were consumed by the two rodents during the summer, but differences were found in the importance index. Andropogon selloanus was consumed more by capybaras, and Echinochloa polystachya was consumed more by nutria. Most likely, these differences were caused by differences in the composition of the local flora among seasons. Significant differences were found for the main items consumed. However, seasonal fluctuations in the diet of the two species studied may still be in accordance with adjustments of foraging effort in response to the changes in the abundance and quality of resources.
Observations made in previous studies corroborate the findings of this study that the feeding behavior of the two rodents varies with the seasons (Borgnia et al. 2000 , Guichón et al. 2003a , Colares et al. 2010 ). According to Barreto and Quintana (2012) , the consumption of certain species may be associated with periods of shortage in the supply of other food items or the local dominance of these species. These variations among locations in the items consumed are also influenced by the nutritional value of the plants. During the growing season, the plants are more palatable and higher in nutritional value (Colares et al. 2010) , making them more attractive for consumption by the rodents. Such a change in nutritional value can produce a change in diet, e.g., by increasing the consumption of Cyperaceae, as observed in the Taim wetland.
Habitats and food resources can be divided among species over time (Kotler and Brown 1988) . FÁBIO P. ESPINELLI, FABIANO CORRÊA, ELTON P. COLARES and IONI G. COLARES Note that authors such as Voeten and Prins (1999) and and Desbiez et al. (2009) , in the African savannah and in the Brazilian Pantanal, respectively, have also identified seasonal differences in diet in various herbivores. Quintana et al. (1998) have emphasized that the variations in the diets of herbivores are correlated with temporal variations in climate and vegetation, noting that capybaras adapt to these changes by modifying their pattern of foraging. Corriale et al. (2011) have highlighted the importance of seasonal fluctuations in the size of the living area of groups of capybaras. These fluctuations were strongly related to the composition and abundance of vegetation and water availability. According to the study of Guichón et al. (2003a) , nutria were selective in all seasons, and their diet was based almost exclusively on aquatic plants. These differences in diets between seasons may be linked to the size of populations of plant species, which vary seasonally.
Based on this study of the diet of H. hydrochaeris and M. coypus, we can suppose that the foraging patterns of both rodents varied seasonally, causing a high overlap in the diet of both species. This high overlap between the diets of rodents arises because the species share the same food resources available in the environment. The similarity in consumer of food resources becomes even more evident during the winter, when food is scarce and the consumption of Cyperaceae increases. Interspecific competition between sympatric herbivores presumably produces niche separation, which can occur through the differential use of plant habitat or of parts of plants (Sinclair 1985) . The partitioning of resources between sympatric herbivores is commonly based on differences in feeding strategies.
The high dietary overlap observed between H. hydrochaeris and M. coypus in the Taim wetland suggests that these herbivores should share other axes of their niches, such as the use of habitat resources, to minimize competition, ensuring the coexistence of both species.
